Background: Since 1971, the general U.S. population has been monitored for dietary iodine sufficiency by urinary iodine (UI) measurements through the National Health and Nutrition Examination Survey (NHANES). This report presents the UI levels for the population participating in NHANES 2003NHANES -2004. It is the third assessment of the U.S. population since NHANES III (1988-1994, when the median UI level was observed to decrease from NHANES I (1971NHANES I ( -1974. Methods: In 2003-2004, a stratified, multistage, probability sample of approximately 5000 participants per year were selected to participate in NHANES Household interviews, and specimen collection were performed. UI level was measured by inductively coupled plasma mass spectrometry on a random subsample of 2526 participants aged 6 years and older. Results: The median UI level for the general U.S. population in 2003-2004 was 160 mg=L (95% confidence interval [CI] 146-172), and 11.3 ± 1.8% of the population had a UI level below 50 mg=L. Children had a higher UI level than adolescents and adults. Among all (pregnant and nonpregnant) women of reproductive age, the median UI level was 139 mg=L (95% CI 117-156), 15.1 ± 3.2% women had a UI level <50 mg=L, and Non-Hispanic blacks in this group had a lower UI level than other racial=ethnic groups. Conclusions: These findings affirm the stabilization of the UI level and the adequate iodine nutrition in the general U.S. population since 2000. Future surveys designed to achieve UI levels representative of pregnant women can improve the estimate of iodine sufficiency in this population subgroup. Continued monitoring of the population for iodine sufficiency is warranted because of groups at risk for iodine deficiency disorders.
Introduction

I
odine, a trace element found in soil, is a necessary component of thyroid hormones, which are needed for normal growth, development, and metabolism throughout life to include gestation. Iodine deficiency disorders result from inadequate thyroid hormone production caused by a lack of sufficient iodine. The most damaging effect of iodine deficiency is on the developing brain. Thyroid hormone is particularly important for myelination of the central nervous system, which is most active in the perinatal period and during fetal and early postnatal development. Iodized salt and seafood are the major dietary sources of iodine. Within the United States, salt is iodized with potassium iodide, which is used by about 70% of the U.S. population. In the United States, iodine deficiency was reduced in the 20th century after the introduction of iodized salt and the inclusion of iodine in other foods. The major food groups contributing to estimated total daily intake of iodine for 2003-2004 by U.S. Food and Drug Administration included dairy and grain (1) .
Urinary iodine (UI) concentrations directly reflect dietary iodine intake because more than 90% of dietary iodine appears in the urine; consequently, UI concentrations are recommended for assessing iodine status worldwide (2) . UI excretion is often expressed as a concentration (mg=L) or in relationship to creatinine excretion (mg iodine=g creatinine). In populations with adequate general nutrition, UI concentration correlates well with the urine iodine=creatinine ratio. The World Health Organization (WHO) cutoff points for median UI levels used to define nutritional iodine sufficiency= deficiency are excessive iodine intake, >300 mg=L; more than adequate intake, 200-299 mg=L; optimal intake, 100-199 mg=L; mild iodine deficiency, 50-99 mg=L; moderate iodine deficiency, 20-49 mg=L; and severe iodine deficiency, <20 mg=L (3).
UI has been measured in the U.S. population by the National Health and Nutrition Examination Survey (NHANES) since 1971. A downward trend in the median UI was noted between NHANES I (320 AE 12 mg=L in [1971] [1972] [1973] [1974] the NHANES 2001-2002 data confirmed apparent stability of U.S. iodine intake, women of reproductive age were consistently the greatest percentage of persons with UI levels less than 20, 50, and 100 mg=L. The Iodine Laboratory of the Centers for Disease Control and Prevention's (CDC) Division of Laboratory Sciences at the National Center for Environmental Health measured the UI content of specimens as part of NHANES 2003-2004 using inductively coupled plasma mass spectrometry (ICP-MS). In this paper the urine iodine levels were measured from a representative subsample of 2526 persons, aged 6 years and older, as part of the 2003-2004 NHANES. UI levels were compared with UI levels measured through NHANES in the U.S. population since 1971.
Subjects and Methods
Study design
NHANES is conducted by the National Center for Health Statistics at CDC. NHANES uses a stratified, multistage design to provide a representative probability sample of the civilian, noninstitutionalized population of the United States, aged 2 months and older. The survey was conducted from January 2003 to December 2004. A detailed description of sample design specifications for NHANES [2003] [2004] can be found at http:==www.cdc.gov=nchs=data=nhanes=nhanes_ 03_04=general_data_release_doc_03-04.pdf (5) . The survey included an interview conducted in the household and an examination at a mobile examination center. Information obtained during the interview included individual characteristics, such as sex, age, self-reported race and ethnicity, years of education completed, and household income information. The examination consisted of a variety of physical measurements and blood and urine collections. UI measurements were completed per year on one-third of approximately 5000 people aged 6 years and older who had been selected for the survey to represent the U.S. population. The difficulty in collecting urine specimens from younger children precluded their involvement in the survey. Each stage of the sample selection was randomized to ensure unbiased representative estimates for the U.S. population. A detailed description of the data collection methods for NHANES has already been published (5) and will not be presented here.
Demographic variables
Sociodemographic data were self-reported by study participants. Age was grouped as children (6-11 years), adolescents (12-19 years) , and adults ($20 years). Similarly, a race=ethnicity variable was derived from self-reported questionnaire data, resulting in four categories of race=ethnicity: non-Hispanic white, non-Hispanic black, Mexican American, and other remaining race=ethnicities.
Laboratory methods
Spot urine specimens were collected from participants, aliquoted, and stored cold (2-48C) or frozen until shipment. Samples collected for UI measurement were shipped on dry ice to CDC's National Center for Environmental Health and were stored frozen (À708C) for <1 year. UI was analyzed using the method of Caldwell et al. (6) . Briefly, 0.5 mL of urine was diluted 1:10 with 1% (v=v) tetramethylammonium hydroxide, 0.02% Triton X-100Ô, 25 mg=L tellurium (Te), 5 mg=L bismuth (Bi), 5% (v=v) ethanol, 1000 mg=L gold, and 0.5 g=L EDTA. This solution was subsequently analyzed using inductively coupled plasma dynamic reaction cell mass spectrometry (ICP-DRC-MS) as previously described (4, 6) . Iodine was quantified based on the peak as a ratio of analyte to internal standard tellurium. Two concentration levels of quality controls were analyzed in each analytical batch with unknown samples. Reported results met the accuracy and precision specification of the quality control=quality assurance program of the Division of Laboratory Sciences, National Center for Environmental Health, CDC [similar to rules outlined by Westgard (7)]. During the analysis of UI for this study, these two quality control pools were analyzed multiple times (n ¼ 445) with a relative standard deviation (RSD) of 2.61% at 79 mg=L iodine and a 2.18% RSD at 298 mg=L iodine. Absolute assay accuracy was verified by the blind analysis of two additional iodine reference solutions and the analysis of National Institute of Standard Technology 2670A Standard Reference Material.
In healthy populations, creatinine is excreted from the body at a relatively constant rate over time, and expressing iodine results per gram of creatinine can help correct for the effect of urinary dilution. The UI level is presented as ''per volume of urine'' and ''per gram of creatinine'' in this report because these are the common approaches used to represent the level. Urinary creatinine concentrations were determined using an automated colorimetric method on a Beckman Synchron As=ASTR clinical analyzer (Beckman Instruments, Brea, CA) at the Coulston Foundation (Alamogordo, NM) in 2003-2004 (8) . Iodine concentrations were adjusted using creatinine concentrations to correct for variable water excretion rates at the time of spot urine specimen collection.
Statistical analysis
This analysis included data from NHANES 2003-2004 for participants aged 6 years and older. Statistical analysis was conducted using SAS, version 9.1.3 (SAS Institute, Cary, NC), and SUDAAN PROC DESCRIPT, version 9.0 (Research Triangle Institute, Research Triangle Park, NC), with CIs estimated based on the method of Korn and Graubard (9) . In linear regression models, SUDAN PROC REGRESS was used to calculate the adjusted geometric means and their CIs. The independent variables included a continuous variable for urinary creatinine and categorical variables defining age (children 6-11 years, adolescents 12-19 years, adults 20þ years), sex, and racial=ethnic groups. Women of reproductive age included females from 15 to 44 years in age. Separate adjusted geometric means were provided for age groups, sex, and racial=ethnic groups. When sample sizes for a given cell are small, the results must be interpreted with caution because they have large standard errors (10).
Results
Urinary iodine level
For the U.S. population aged 6 years and older, the UI levels at the median and at the 5th and 95th percentiles were 160 mg=L (95% CI 146-172), 28 mg=L (95% CI 24-34), and 569 mg=L (95% CI 488-644), respectively. This median UI level was similar to the levels reported for the U.S. population since 1988-1994 based on overlapping 95% CI (Table 1 ). Children (6-11 years) had a higher UI level than older age groups, including adolescents (12-19 years) and adults (þ20 years), and females had a similar UI level to males (Table 2) . NonHispanic blacks had a lower UI level than non-Hispanic whites and Mexican Americans ( Table 2) . A UI level greater than 300, 500, and 1000 mg=L was found in 20.7 AE 2.1%, 6.2 AE 1.0%, and 1.5 AE 0.8%, respectively, of the general population. In prior surveys, the percentage of the general population with UI levels greater than 500 and 1000 mg=L was 10.1 AE 1.6% and 3.6 AE 0.6%, respectively, in 2001-2002, and 5.6 AE 0.8% and 2.1 AE 0.8%, respectively, in 1988-1994 (4).
Iodine sufficiency
The percentage of the general population in this survey with UI levels below 100, 50, and 20 mg=L was 28.9 AE 3.0%, 11.3 AE 1.8%, and 2.4 AE 1.2%, respectively (Table 3) . These percentages were similar to those observed in the NHANES population sampled in 2001-2002, 28.4 AE 3.0%, 11.1 AE 1.6%, and 1.5 AE 0.4%, respectively (4). The percentage of females in the population with a UI level <50 mg=L appeared to increase with age until their 20s and 40s when it then decreased. For females, the percentage by age group was 8.9 AE 3.6% for 6-11 years, 21.7 AE 6.0% for 20-29 years, and 8.4 AE 4.0% for 70 years and older (Table 3) . A larger percentage of females than males had a UI level below 100 and 50 mg=L, and this difference was greatest among children and adults aged 20 years and older ( Table 3) .
The percentage of all (pregnant and nonpregnant) women of reproductive age with UI levels below 100, 50, and 20 mg=L were 37.2 AE 5.8%, 15.1 AE 3.2%, and 4.0 AE 2.6%, respectively, and the median UI level was 139 mg=L (95% CI 117-156) (Table 4) . These values were similar to those reported in NHANES populations sampled in 2001-2002 and in 1988-1994 . The percentage of pregnant women with a UI level <150, 150-249, 250-499, and >500 mg=L was 39.2 AE 10.5%, 37.5 AE 13.1%, 19.1 AE 7.9%, and 4.3 AE 2.4%, respectively, and the median UI level was 181 mg=L (95% CI 100-219). Pregnant women had a higher UI level (Table 5 ) and a lower percentage of UI levels below 50 mg=L than nonpregnant women of Low urinary iodine levels identified here are arbitrary cutoffs (<20, <50, and <100 mg=L) that are being followed by the World Health Organization. b p < 0.05 versus males in the same age and urinary iodine level categories. Comparisons by t-test and for 6-11 years, 12-19 years, and þ20 years.
NHANES, National Health and Nutrition Examination Survey; SE, standard error.
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reproductive age (Table 4) . These findings are similar to those from prior surveys. Among women of reproductive age, nonHispanic blacks had a lower UI level than non-Hispanic whites and Mexican Americans (Table 5) . Non-Hispanic black women of reproductive age had a median UI level of 118 mg=L (95% CI 100-131), and the percentage of this group with a UI level below 100, 50, and 20 mg=L was 35.5 AE 10%, 7.8 AE 3.4%, and 0.4 AE 0.6%, respectively.
Discussion
This report characterizes the dietary iodine sufficiency in the general U.S. population by measuring UI levels in a representative sample of participants in NHANES from 2003 to 2004. The median UI level in persons aged 6 years and older is 160 mg=L (95% CI 146-172), and 11.3 AE 1.8% of the general population has a UI level below 50 mg=L, which is in the range for adequate iodine nutrition for a population (11) . The median UI in this survey affirms the stabilization of the UI level in the U.S. population since 1988-1994, which was after the decline in the level in 1974-1977. This change in the UI level was attributed to the reduced use of iodine in the food industry (12) . Children aged 6-11 years have UI levels higher than adolescents and adults. In females, the percentage of persons with a UI level <50 mg=L appears to increase with age until the 20s (21.7%) and 40s (21.5%) and decreases above age 40. All women of reproductive age (15-44 years) have a median UI level of 139 mg=L (95% CI 117-156), and 15.1 AE 3.2% of them have a UI level <50 mg=L. The UI level in these women is higher in pregnant women compared with nonpregnant women and lower in non-Hispanic blacks compared with other racial=ethnic groups. The latter finding is consistent with the observation in the general population. These findings support the adequate iodine nutrition in the general U.S. population. The results also support the need for continued iodine monitoring of the population because potential changes in patterns of dietary habits and iodine content in food can affect population subgroups at risk for iodine deficiency disorders.
The adequacy of iodine nutrition in the U.S. population is a significant public health concern because of the health consequences from iodine deficiency, which are age dependent. Iodine deficiency is a preventable, major cause of human mental retardation, and its effects on the neuroendocrine function can begin in utero and continue for 2-3 years after birth (13) . Goiter is another manifestation of iodine deficiency and excess, and this thyroid disorder can affect all ages, including neonates and adults. Children can have irreversible or slow-to-resolve goiter when iodine sufficiency is restored (14, 15) . Controlling iodine deficiency is accomplished by increasing dietary iodine intake through iodine supplementation and iodine fortification of foods, conducting surveillance for the iodine level in salt and the iodine status in the population, and providing public health education. The recommended amount of dietary intake for children 0-59 months is 90 mg=day, children 6-12 years is 120 mg=day, and adolescents and adults is150 mg=day-150 mg=day is about 20 parts per million (ppm) to 40 ppm of iodine added to salt (11) . In the United States and Canada, the amount added to salt is 77 mg iodine=g salt. Pregnant and breastfeeding women are recommended to increase their iodine intake to 250 mg=day because of maternal loss due to fetal requirements, renal elimination, and lactation (3). A dietary intake of 150 mg=day in an adult approximates a UI level of 100 mg=L (16); iodine intake is considered adequate when the median UI level for the general population is between 100 and 199 mg=L, and insufficient when it is below 100 mg=L. The median UI concentration in the pregnant women population should be within the range of 150-249 mg=L (3).
According to WHO, the goal for dietary iodine sufficiency in a population is for less than 50% of the population to have a UI level less than 100 mg=L and for less than 20% of the population to have a UI less than 50 mg=L. During pregnancy, median UI concentrations between 150 and 249 mg=L define a population with iodine sufficiency (3) . Since the 1988 decrease in UI level in the general U.S. population that was attributed to the reduced use of iodine as a antiseptic agent and a feed supplement in the dairy industry and as a dough conditioner for bread (12) , the level at which UI would stabilize after these changes in practice has been questioned. In the last three surveys from NHANES since 1988, including this one, the median UI levels were 145 mg=L (95% CI 140-151), 168 mg=L (95% CI 159-178), and 160 mg=L (95% CI 146-172), thus suggesting that the UI level has stabilized in the population.
The percentage of the general U.S. population surveyed in 2003-2004 with a UI level less than 100, 50, and 20 mg=L was 28.9 AE 3.0%, 11.3 AE 1.8%, and 2.4 AE 1.2%, respectively. These values are similar to those reported for the U.S. population since 1988 (4, 17) , and they are consistent with WHO's goals for dietary iodine sufficiency for a population (3) . The range of the percentage of the general population with a UI level less than 100 mg=L among the WHO regions sampled in 2003 was from 9.8% (Americas) to 56.9% (Europe) (11) . The percentage of children, adolescents, and adults in this survey with a UI level less than 100 mg=L was 16.2 AE 4.7%, 24.7 AE 6.4%, and 31.1 AE 3.8%, respectively. The range of the percentage of school-aged children (6-12 years) with a UI level less than 100 mg=L among the WHO regions was from 10.1% (Americas) to 59.9% (Europe) in 2003 (11) . These variations are most likely due to differences in dietary intake of iodine.
A higher percentage of females than males had UI levels below 100 and 50 mg=L in this survey, which suggests that a difference in the nutritional iodine status exists between genders. This difference may be related to variations in age, race=ethnicity, or urinary creatinine because the UI level between males and females is similar after adjusting for these variables. However, in NHANES 1988-1994, females had a lower median UI level than males after adjusting for age only (17) . Studies of other populations have observed dissimilar UI levels among genders. Females were observed to have a lower UI level than males in a population from Bernese, Switzerland, that was sampled in 1997 (18) , and, in another study, the UI level was found to be higher in men than in women aged 50-69 years in Greenland (19) . Adolescents and adults between the ages of 13 and 35 years were found to have greater difference in UI levels between genders compared with other age categories in the study of the Bernese population (18) .
Women of reproductive age are an important population subgroup to monitor for iodine sufficiency because the initiation of iodine supplementation during pregnancy may be delayed due to the woman being unaware of the pregnancy during the early weeks of gestation. Pregnant women are vulnerable for iodine deficiency due to increased renal clearance of iodine and transfer of iodine to the fetus (20) . Breastfeeding women are also at risk for iodine deficiency because of the loss of iodine in the milk. The percentage of women of reproductive age and that of pregnant women with UI levels below 100, 50, and 20 mg=L in this survey are similar to prior surveys from NHANES (2001-2002 and 1988-1994) (4) . Pregnant women had higher median levels and lower prevalence of low levels than nonpregnant women. These findings can reflect a difference in renal clearance or dietary intake of iodine among these women (21, 22) . Further work is necessary to better define the causes of these differences and to achieve prevalence data that are representative of pregnant women in the United States. The lower UI level in this survey in nonHispanic blacks compared with other racial=ethnic groups for women of reproductive age and the general population may be related to dietary variations (19, (23) (24) (25) , although the actual cause is not known. In the 2001-2002 NHANES, median UI levels for these racial=ethnic groups were similar to those in this survey; however, in 1988-1994, the percentage of persons with a UI level below 50 mg=L was 13.0 AE 1.2% for nonHispanic whites, 8.2 AE 1.2% for non-Hispanic blacks, and 6.7 AE 0.8% for Mexican Americans (17) .
Children are another group in the general population vulnerable to iodine deficiency disorders. In a convenience sample of U.S. children (7-12 years) recruited from the Southeast in 1996 (15), the median UI level was 282 mg=L (95% CI 253-308), and the prevalence of goiter by palpation and by thyroid volume (according to WHO criteria for age) was 2% and 0.3%, respectively. The study also evaluated 398 Bangladeshi children (7-10 years) in the same year; they had a median UI level of 73 mg=L (95% CI 66-81) and a prevalence of goiter by palpation and by thyroid volume by age of 27% and 7%, respectively. The median UI levels for children in this survey and the percentage of them with a UI < 100 ug=L are similar to those reported in prior surveys from NHANES ( 2001-2002 and 1988-1994) (4) . A higher percentage of girls than boys in the 6-11-year age group had a UI <100 mg=L (25.5 AE 8.4% vs. 7.3 AE 5.8%, respectively) ( Table 3) ; this finding is consistent with the observation in a study of Turkish children sampled in 1999 (26) . This difference in UI levels among children is more likely due to a variation in dietary habits than physiology; this assumption is based on the reported contribution of dietary intake to the UI level and the unpredictability of the UI level by gender after adjusting for potential confounders, which was observed in this survey and in other studies (27, 28) . In German children (6-12 years) who were sampled from 1996-1999, the 24-hour UI level was predicted by the dietary intake of fish, milk, eggs, and meat, and the amount of daily intake of milk was found to be greater in boys than in girls (28) . Socioeconomic factors found to be associated with an increase in nutritional iodine deficiency in Turkish children sampled in 1999 included less educated mothers, lower monthly family income, increased number of family members, and residential location (26) .
Conclusions
This report affirms the stabilization of the UI level in the general U.S. population and the adequacy of iodine nutrition in the United States. The median UI level remains essentially unchanged after three surveys since 1988. Differences in the UI level among groups in the population suggest that variations in dietary iodine intake exist in the general population. Children have a higher UI level than older age groups, and slightly more than 20% of women in their 20s and 40s have a UI level less than 50 mg=L. Among women of reproductive age, non-Hispanic blacks have a lower UI level than other racial=ethnic groups. The contribution of dietary intake to the UI level supports the continued need to monitor the iodine status in the population because changes in patterns of dietary habit and iodine content in the food supply may affect populations at risk for iodine deficiency disorders.
